Evaluation of the longer term outcome in rheumatoid arthritis, especially in relation to the effects of second-line drugs, is attracting considerable interest. Acute-phase phenomena such as the erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and articular index are of limited relevance.
At least three meetings have been held in the last three years to consider functional measures in arthritis.' -3 Many scales have been based on activities of daily living (ADL) assessments, and the field has been reviewed by Liang and Jette.4 'Quality of life' also features in the Arthritis Impact Measurement Scale (AIMS-97) and the Health Assessment Questionnaire (HAQ8'), which have been used fairly widely in the United States; the latter has recently been adapted for use in the UK.'"' However, very little effort has been expended on looking at the meaning of the scales or at their relation to Accepted for publication 9 February 1984. Correspondence to Dr E. M. Badley Table 1 , the constituent activities in the groups being predominantly concerned with mobility, bending down, manual dexterity, bending the arm, and reaching above the head. Cutting toe/finger nails appears in both the bending-down and dexterity groups, reflecting the different aspects of this composite activity.
A Guttman scaling technique was also used. A Guttman scale is one in which activities are arranged in order of difficulty, such that inability to perform one activity means that it would be impossible to carry out all the more difficult activities in the scale, and that no difficulty would be encountered with easier ones. Two statistics are associated with these scales. The coefficient of reproducibility is a measure of the proportion of all disabilities correctly predicted from the number of disabilities contributing to the scale that are shown by each case; satisfactory values conventionally equal or exceed 0-90. The coefficient of scalability estimates the proportion of predictions, excepting the first item in the scale, found to be correct on the basis of the hypothesised sequence alone; satisfactory values conventionally equal or exceed 0-60.15 Scalability is the more rigorous of the two coefficients, and so, in the presentation of the results, the latter have been ordered in terms of this coefficient. Guttman scaling requires that variables be binary, which means that scores have to be couched in terms of yes or no. Disabilities were dichotomised between major physical assistance or impossibility on the one hand, and use of aids, difficulty, or absence of problems on the other-that is between points 4 and 5 on the modified WHO scale.
An aggregated disability score for each functional group was computed by adding together the severity gradings of each constituent activity. Productmoment correlation analysis was used to relate this aggregated score to the range ot motion of individual joints. Activity performance within each functional group was related to thresholds of movement in terms of both the maximum range at which the activity was found to be impossible and the minimum range at which a respondent had no difficulty performing the activity; all respondents with less than the minimum necessary range experienced at least some difficulty. The thresholds were non-exclusive in the sense that individuals with more than the minimum range could nevertheless still have a particular disability, and equally an individual with less than the maximum range could nevertheless find an activity impossible. This arises because ability to carry out a given activity is of course affected by problems with other joints. Despite their arbitrariness the thresholds formulated could be regarded as representing the critical limiting ranges for performance.
Results
The five functional groups shown in Table 1 include only 24 out of the original 41 disabilities. The overall summed disability score for these 24 activities accounted for 96% of the variation in the summed score for the full schedule (Pearson's r = 0-98; r2 is a measure of the variation accounted for by the correlation). The amount of variation in the overall score accounted for by each functional group ranged between 45 and 76% (based on r2). The combined score for three groups, mobility, dexterity, and reaching up, had a correlation of 0-97 with the total summed score, implying that these three groups alone accounted for 94% of the variation in the total score. These three functional groups contain activities involving use of all the major joints of the body. Table 1 also shows that the Guttman scaling coefficients for all five functional groups exceeded conventional minimum levels, indicating that the constituent activities shown form a cumulative scale in order of difficulty. One interpretation of these scaled groupings of disabilities is that they reflect problems with particular joints or groups of joints. This is supported when the overall score for the disability groupings is related to range of joint movement ( Table 2 ). All correlations were negative, and for clarity only correlations of -0-4 or less are shown; in fact the remaining coefficients were appreciably less negative. With the size of sample studied, all correlations less than -0-3 are significant at the 0*1% level or below. In this context, however, it is not so much statistical significance that is relevant as the magnitude of the variation accounted for. Correlations of the order of 0-3 account for only about 10% of the variation, whereas t,2ose shown in normal type in Table 2 account for 25% or more.
The mobility group correlated with range of flexion at the knee joint, and the bending group with range of hip flexion, though both the coefficients were on the low side. It is surprisihg that the hip showed no meaningful correlation with mobility. However, given the nature of the sample, of which over 40% had RA, only a low proportion of respondents had hip involvement. The reasonably high correlations of scores for the dexterity, bending arm, and reaching-up groups with flexion of joints in the hand might have been expected, as all activities in these groups involved use of the hands. Correlations with the finger joints were highest for the dexterity group. The bending-arm group was the only one to show a meaningful correlation with any plane of elbow movement. Shoulder abduction was related to bending the arm and reaching above the head, particularly to the latter. Not only were aggregated group scores related to joint movement, but this ordering was also associated with decreasing range of motion in the relevant joints. This is illustrated most clearly by threshold ranges (Table 3) ; by and large these followed the ordering of activities in the functional groups. Most of the deviations from the ordering can be explained by difficulties experienced with other joints, in some cases due to surgical fixation. Many activities showed very little variation between maximum and minimum ranges. This seemed to be a function of the nature of the joint and limitations in other joints.
The results presented so far have been pooled. Table 4 shows the Guttman scaling coefficients when RA, LOA, and GOA were considered separately. Scalability is considerably reduced by nonscale types, cases that do not fit in with the ordering of the scale, but most of the coefficients exceed the conventional minimum level. A scalability coefficient of 1-0 was found for LOA and GOA in the mobility and bending-down groups as all the cases which scored on the constituent activities fell on to the scale; for the bending-arm group few patients with these conditions scored on the relevant activities. Low coefficients were found in GOA for the dexterity and reaching-up groups, indicating that there was no satisfactory scaling in the small number of cases studied. Reaching up has been shown in two ways in Table 4 . Although the previously noted ordering was optimum for the whole sample, a better scale for RA has also been included with 'wash hair' being assigned after ' Disability scaling has been reported before, but in more global contexts. Williams and subsequent workersltt9 found a range of basic activities, from being unable to eat without assistance to inability to use public transport, that could be scaled in order of difficulty. Various theories have been offered, including a 'rational choice theory"7 suggesting that the ordering reflected the choices people made about relinquishing performance of activities as they became more disabled. However, the setting for this work was concerned with overall scales of disablement and was without reference to underlying disease processes.
The work reported in this paper is of a different nature. It is more finely focused and considers a more closely integrated range of disabilities and underlying conditions. No attempt has been made to scale activities overall; any scaling is related to loss of range of movement. In our analyses we chose to start with disabilities, seeing to what extent these could be understood in terms of impairments-that is, the mapping is from activity restrictions to functional limitations. While the latter need not give rise to disability, it is a reasonable inference that the major part of such problems at least should be attributable to changes wrought by the underlying disease processes, as all disabilities must have some antecedent cause.
It is unreasonable to expect that one could completely explain the occurrence of disabilities by limitations in the range of joint movement. Pain and stiffness may exert independent effects, and fatigue and psychosocial factors such as 'drive' might influence the performance of activities. Indeed the correlations found between range of motion and scores for each functional disability group are not particular high, accounting at most for only just over half the variation (Table 2) . It should be borne in mind, however, that our disability assessment relied on self-reported performance, and in our analyses we were unable to take other factors into account. Under these circumstances it is perhaps surprising that so much of the variation was explicable in terms of impaired ranges of joint motion.
Superficially it may appear that most assessment measures include a similar range of activities. However, because activities and disabilities are associated with use of different parts of the body, the overall score from a functional assessment could be biased if derived preferentially from activities concerned with one set of joints rather than another. For example, functional assessment in a multicentre trial of penicillamine was based on many items involving manual dexterity, and relatively few concerned with mobility and transfer.' 20' Variation in the way the upper limb was affected could therefore exert an undue effect on the overall score on such a scale. In contrast, the HAQ scale contains a majority of items concerned with mobility and transfer, and fewer related to manual dexterity. 8 9 Changes in the total score on this scale would therefore be likely to be biased by the state of large joints in the lower limb. A relatively low correlation between the HAQ score and articular index might therefore be expected, in view of the relatively high contribution of the small joints of hands and feet to the latter.
The relationship between disability scales and underlying impairments may have other consequences for assessment. By pursuing this reasoning it is possible that one might be able to extend understanding back to more immediate manifestations of disease, such as x-ray or other changes. Such an approach might provide tools for studying the outcome of therapy with so-called disease-modifying drugs. Greater knowledge of the relationship between impairments and disabilities should also help elucidate the meaning of changes in overall disability scores, so as to eliminate 'noise' deriving from changes in disablement due to non-specific reasons, such as general ill health.
Grouping The ordering of disabilities within scales seems to be parallel to the loss of range of movement. If this closely reflects the order in which ability to perform activities is gained or lost with improving or deteriorating range of movement, these results would have interesting implications for monitoring disease progression in arthritis. Rather than use an overall score, one could focus on the order in which disabilities are lost or gained. Obviously longitudinal studies would be needed to explore this possibility, and allowance would have to be made for the polyarticular nature of the arthritis.
We should also emphasise that the constituent activities in our functional groups comprise only a small proportion of the range included in a conventional ADL assessment. Our results suggest that for rheumatological evaluation a shortened assessment of disability might be possible, using activities occurring in only the mobility, manual dexterity, and reaching-up groups. By utilising the Guttman scaling properties within these groups an assessment of functional level could, in principle, be made from a starting point of only three questions. However, more work is required to optimise the scales for the different types of arthritic complaint, including more exploration of the choice of disability items to include.
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